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Oligonucleotldes with Fluorescent Dyes at

- Opposite Ends Provide a Quenched Probe

- System Useful for Detectmg PCR Product
and Nucleic Acid Hybridization

Kenneth j. Livak, Susan J.A. Flood, Jeffrey Marmaro, Wllllam Giusti, and Karin Deetz

_Perkin-Clmer, Applicd Wosystems Divislon, Foster City, California 94404

The 5 huclease PCR assay datects the

accumulation of specific PCR product

by hybridixation and cleavage of &
double-labeled Auorogenic probe
during the amplification reacton.
The probe s an oligonuclectide with

both a raporter fluorescent dye and &

quencher dye attached. An Increase

in reporter fluorescence Intentity In- -

dicates that the probe has hybridized
to the target PCR product and has
been cleaved by the 5'—3’' nucle-
olytic activity of Tag DHA poulymerase.
In this study, probes with the

quencher dye attached to an Internal’

nucleotide were compared with
probes with the quencher dye ar-
tached to the 3'-end nucleotide. In alf
cazcs, the raporter dye was attached
to the §' end. All Intect probes
thowed quenching of the reporter

" fluorescence. In general, probes with
- the quencher dye attached to the 3'-

end nucieotide exhlbited a larger sig-
nal in the 5’ nuclease PCR assay than
the internally lnbeled probes. It is

. proposed that Lhe larger signal is

<oused by increased flkelihood of
cleavage by Taq DNA polymerase
when the probe is hybridized to s
template strand during PCR. Probes
with the quencher dye attached to
the 3'-end nudeotida also exhlibited
an Increase In reporter fluorescence
Intensity when hybridized to a com-

 plementary strand. Thus, oligonucle-

otides with reporter and quencher
dyes attached at opposlte ends can

' be used as homogencous hybridiza-

210

. I fluorescent

-

A homogeneour avsay for detecting
e wecumulation of speetfie MCR prod-
uct that uses a double-labeled - fluoro-
genic probe was described by Lee et alt®?
The assay exploits the §°-» 3" nucle-
olytle activity of Tay
weraet? M and Iy dlagramed In Figure 1.
The fluorogenic proby consists of an oli-
gonucieolide with u reporter fluorescent
dye, such a> a fluoreseedn, attached to

the §° end; and a quencher dye, such asa

rhodamine, attached internally, When -

thie tHuoresceln fs exclted by frradsation,
cmission  will  be
quenched if the shodamine 1§ close
¢nough to. be excited through the pro-
cess of Ouorescente cnergy transter
(FET).“*-9 During PCR, if the probe is hy-
bridized to a templaté stuand, Tug DNA
polymerase will cleave the probe be-
causc of lts inherent §' -» 3 nucleolytic
activily. If the cleavage occurs between
the fluorescein and thodamine dyes, it
€auscs an increase in fuoiesecin fluores-
cence intensity because the fluorescein
iy nv longer guenched. The Incresse in
fluorescudn fluorescence Intensity indie
cates that the probe-speciflc I'CR product
has beea genernted, Thus, FET between a
tepustes dye and ¥ quencher dye is orin.

- ¢al to the performance of the prube In

the §' gudlease PCR assay.

Quenching is completely dependent
on the physical proximity of the two
dycs. ™ Because of this, I-has been aa.
sumed thal the quencher dye must be
ullachied neat the 5§ end. Surprsingly,
we have found that zttaching a rho-
doine dyv st e 3’ cud of 8 prule

s (01

DNA  poly- -

PCR assay. Yurthermore, cleavage of this
type of probe 1s. nat required to achieve
somc reduction in-quenching. Oligonu-
cleotides with a reporier dye on the §
end and a quencher dye on the 3' end
exhibit a much higher reporter fluores.
ceniee when doubte-stranded as com-
parcd with single-stcandced. This should
make §t passible (0 usv this type of dou-
blelabeled probe for homogencous de- -
teetion of puclelc acld hybridization,

MATERIALS AND METHODS
Oligonucieotides

Table 1 shows thi nuc_leotldc scquunce
of the oliganucicotides used fn this
study. Linker arm nucteotide (LAN)
phosphoramiditc was obtained from
Glen Research. ‘The standard DNA phos-
phoramidites, 6-carboxyfluorescein (6-
FAM) phosphoramidite, 6-carboxytet
ramethylrthodamine sucdnimidy) ester
(TAMRA NHS ¢ster), and Phosphalink
for attaching a '-blocking phosphate,.
were obtained trom Perkin-Elmer, Ap-
plied Biosystems Division. Oligopucle-
otide synthesis was performed using an
AB! model 394 DNA synthestzer (Applied
Blusystemns). Pnimer and complement
oligonucleandes were purifica using
Ollgu Purification Cartridges (Applicd
Blosystems), Duuble-labded probes were
synthesized withh 6-FAM-labeled phos. .
pllulalun.lrl.: at the 8" erd, JAN replacing
on of the T's in the sequence, and Phos-
phatink at the 3 cond, Poliowing de-
protetion. and  ethanol  precipttation,
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FIGURE 1 Diagram of 5’ nuclease assay. Stepwise representation of e 5° — 3° nucteolytic ac-
tivity of Tag DNA polymerase acting on a fluosugenic probie durliig one extensivn phiase of J'CR,

mu Na-blcatb-onatc buffer (pll 9.0) at
room temperature. Unrcacied dye was
1emoved by passage uver 2 'D-10 Sepline
dex column. Finally, the double-labclcd
probe was purificd by preparative high-
performance  liguid  chromatography
(HPIL) using an Aquapore Uy 221 4.0-
mm column with 7-um particie sizc, The
column was develuped with a 24.min
-lincar gradient of 8-20% ucctoniteile in
0.3 M TEAA (tricthylamine uacctate).
Probes are nainea by designaung the se-
qucnce from Table 1 and the positlon of

the JAN-TAMRA molety. Vor example, -

probe A1-7 has scquence Al with TAN-

TAMRA at nucleotide position 7 from the

5" end.

PCR sy:lclm

All PCR amphfxcauons were petformed
in the Perkin-Elmer GeneAmp PCR Sys-
tem 9600 using SU-ul reactions that con-
t2ined 10 ms Tris-HC1 (pl 8.3), 50 mm
K, 200 uM dATP, 200 M dCTP, 200 pM
dGTP, 400 pm dUTP, 0.5 unit of Ainpksr-
- ase uracil N-glycosylase (Perkin-Eimer),

CTOR

gene (nucleotides 2141-2435 in the se.
qucnce of Nakajlma-lijlma c¢ al.)?? was

awmplifled usiug mimers AP aad ARP

(Table 1), which are modified slightly
from those of du Breuil et al. " Actin am-
plification reactlons contined 4 .mm
Mgy, 20 ng of human genomic 1INA,

.50 nM Al or A3 probe, and 300 nwm each

TABLE 1 Scquences of Ollgonucicotides

primer. The thermal regimen was 50'C
{2 min), 25°C (10 min), 40 cycles of 95°C
{20 sec), 60°C (1 min), and hold a( 72°C,
A 515-bp segruent was arnplificd from 8
plasmid {hat consists of a segment of A
DNA (nucleotides  32,220-32,747) in-
serted in the Snal site of vectos pUC119.
These  reactions cuntuinead 3.8 sum
Mgl 1 ng of plusmid DNA, SOnm P2 or -
PS probe, 200 nu primer F119, and 200
um piter R119. The thermal regimen
was S0°C (2 min), 95°C (10 min), 25 ¢y-
cles of 95°C (20 3¢¢), 57°C () min), pnd
hold at 72°C,

Fluarescence Detectlan

For cach amplification reaction, a 40-ul
aliquot of a sample was transferred to an
individual well of a white, 96-wall micro
titer plate (Pexkin-Ulmer). Fluorescence
was measured on the Perkin-Elmee ‘[og-
Man 185.508 System, which consists of a
lumincseence spoctromater with plate’
reader assembly, 3 485-nm excitation fil.
ter, and a §15-nm emission filter. Excita
tivn was at 488 nin using a S-nm slit
widih. Emission was measuréd at 518

‘nm for 6-1'AM (the raportier or R valuc)

and 582 nm for TAMIA (the quencher or
Q valu¢) using a 10-nm slit width. To
determine the Inucase i epuiter cls-
slon that Ix caused by deavage of the
probe during PCR, three normalizations
arc- applled to the raw emission data.
First, cmission liatensity of a buffer bitank
Is subteacted fus eacli wavelenigth. See-
ond, emission intensity of the reporter is

Sequenica

Name Type

P119 primer

R119 primet

P2 _probe

ra2c .complcment
-PS . probe

rsC 7 comploment
AFP primer

ARD primer

Al probe

AlC coroplenerst
Ad : piche

Alc cumplement

ACCQCACAGGAACTCGATCACCACTC
ATGTCGCGTTCCGGCPGACCTTETGE
TOGCATTACTUATCU I TCCUAACCACTDY
CTACTCCTTGUCAACCGATCAGTAATGCCATG
CUGATTTGCIGGTATCTATCACAACCATY
TTCATCCTTCTCATACATACCAGCAAATCCC
TCACCCACACTGTGCCCATCTACGA
CAGCLUAAUCLGCTCATTGCCAATGG
ATGCCCICCCCCALTGCCATCCIGOG T
ACACGCALUATCGCATGUGCLAGGUCATAC
CGCCCTGGACTTCCAGCAAGAGAY
CCATCTCTTGCTCRAAGTCCAGGGCGAC

Tor cach oligonuricutide used In this study, the nudeic add sequence {3 given, written in (he
§' » 3’ dincction. Thee are three types of aligunudieotides; TCR primer, fluorogenic probe uscd

40Ry
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RAQGOCM COCOCANCICATCOTCCATY
At7 RATGCCCRTUCCTCATCUC AT I,
At-14 Rasraccercceeeaeoaatcerocaty
At1-10 RA10cec1etectATCCCAQuUecen
Al-22 RAIGCUCTCTUCUATCCCATCURGCS D
A1-26 - RAICCUCTCLOGAICIEATCETCOCT _
Praba  518nm 682 nm - RO" RO ARQ
- na tamp. <+ Lomp, fno temnp. « temp.
Ale2 . W54 2.1 32.74 1.0 382460 382420 0.7 +001 o.edi 008 0.1040.06
AT 830443 30612214 1086063 1103+53 040¢0.03 (582017 3002018
Ale14  1270+45 40384100 1007483 031463 1184002 43440158 3184018
M9 16752190 477377 703474 730220 2673005 6.004046 3133016
T A1-22 224.G: 04 4802438 1000140 D6L40.8 0251003 S502109% 27710.12
~ Al-26 1602709 45411154 ¥I1254 BU/EE  1L/21UUZ SUTEUUS SISV 200

"AY-2

FIGURE 2 Resulls of §' putlease masay sormparing B-aetin probes with TAMRA at different nucle
otlde positions. As described In Materizls and Methods, POt ymplifications containing the in-
dicated probes were performed, and the fluorescunce emission was measured at 518 and S82 nm.
Reported values ace the average®1 s.0, for six reactions run without added template (no temp.)
and six reaciions run with template (4 tcmp.) ‘The RQ ratlo was calculated for each individual
_reaction and avcta;,ud to give the reponted RQ*

aivided by the emisston intwensity of (he
yuencher 1 give an RQ ratlo for cach

“ teaction tube. This normalizes for well-

.

- plete
®QY).

to-well variations in prolic concentra-
uon and fluvrescence measuremnent. M-
nally, ARQ i3 calculaied by subtracting
the KQ value of the no-template cuntro)
{RQ™) from the RQ value for the com-
rcacion  incduding  template

" RESULTS

‘A series of probes with increasing dis-

. lautces between the Auorescein reponc

and rhodamine quencher were tested to
investigate the minimuin and maxinum
spacing that would give an acceprable
performance in the 5 nucicase ’CR as-
say. ‘These prubes hybridize to a target

‘and RQ* values.

sequence In e human $-actin gene.
Flguic 2 shows the results of &p experi-
ment in which (hese probes Were In:
cluded in PCR that amplifled a scgment
of the B-avtin geare containing the target
sequence. Pafounguce in the 5 ow-
clease I'CR assay Is monitured by the
magnlinde of ARQ, which {s-a measurce
af the incresse in reporer Nuorescence
waused by PCR amplification of the
probe target, Probe Al-2 has 2 ARQ value

that is close to zero, indicating that the:

probe was not cleaved appredably dur-
ing the amplificatiun readtion, This sug-
xesta that with the quencher dye on the
secund nucleotlde from the 5/ ond, there
15 lnsufficlent o fin Tuy polymerase
to cleave efficlently between the reporter
and guenchel. The other five probes ex-
-hibited comparable ARQ values hat age

clearly different from zcro. Thus, all five |

probes arehefng cleaved duning PCK am-
plification rexulting io o similar incresse
I seporter fluvsescence. 14 should be
noted that camplete digestion of 3 prohe
produces 3 much larger increase in re-
porter fluorescence than that obscrved

-in Pigurc 2 (data not shown). Thus, even

in reactions where amplification vevurs,
the majority of probe molecules remaln

- uncleaved. It is malunly for this reason
“that the fluorescence Intensity of the

quencher dye TAMIA changes Hitle with
amplification of the target. This Is what
allows us to use the $82-nm fluorescence
reading as 4 normalization factor.

The magnihide of RQ™  depends
mainly on the guenching cefficlency in-
herent in the specitic structure of the
probe and the purity of the oligonucle
otide. Thus, the larger RQ ™ values indi-
cate that probes Al1-14, A1-19, Al1-22, and
A1-26 probably have reduced quenching
as compared with Al-7, S\ll, the degree
of quenching Is sufficlent to detect a
highly significant {ncraose n reporter
fluorescence when each of these probes
ia cleaved during PCR.

To further investigate the abﬂity of
‘TAMRA on the 3/ end to quench 6-PAM
on the 5’ cnd, three additional palrs of
probes were tested in the 5’ nuclease
PCR assuy. Poc each: pair, on¢ peobe has -
TAMPRA attached to an internol nude-
ulide and e uther has TAMRA attachied
to the 3’ end nucleotide, The results ate
shown in Tablc 2., ¥or all three sets, the
probe with thc 3' quencher exhibits o
ARQ valur that Is considerably bighe
than for the probe with the lnicrnal
quencher. The RQ" values suggest thal
differences in quenching src not as greut
as thosc observed with some of the Al
probes. These results demonstrate that a
quencher dyc on the 3' end of an oligo-

.nuclcotide can quench efficiently the

TABLE 2 Results of 5' Nuclease Assay Comparing Probes witi TAMRA Attached to an Internal or 3'-terminul Nucleotide )

518 nun 882 nin i
Probe no temp. + temp. 10 e, + lemp. RQ QO AKQ
. AMG 5461 13.2 848 x> 3.7 116.2 = 6.4 1356 L 258 0,47 = .02 0.73 = 002 0.26 2 004
A3-24 721+ 29 236.5 = 11.1 842+ 4.0 0021 3.8 0.86 1 0.02 2,62 £ 0.05 1.76 = 0.05
2.7 828~ 4.4 3540 = 34.1 1057 T 64 1204 = 10.2 0.79°1 VL2 319 * Q16 ?.40 # 0.16
1227 113.4 = 6.6 §558.4 = 14 140.7 >+ 8.8 1187 =438 0.81 £ 0.01 4.68 * Q.10 368 ~ 0.10
Cbs10 7.5% 65 244.4 2 18.9 867 4 4.3 958 6.7 0.89 = 0,08 255 2. 0.06 166 2 0.08
Ps-28 640 L 52 3336+~ 121- 10.6 £ 6.) 94.7 = 6.3 0.63 = 0,02 3.53%0.12 289 1013
e " end nh“lallnns were performed as described tn Materdal saud Méthods and in the legend to Fig. 2.
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fluorescence of a reporter dye on the §'
emd. The degree of quenching s suffis
cienl [ur thix type of oligonucleotide o

“beused as a probe in the § nuck-asc justd
assay.

To test the hypothesis that quenching
by a 3' TAMRA depende on the flexibility
of the oligonucicotide, fluareseence was
measwad fur probes in the single
stranded sod Juuble stranded states. To-
ble 2 reporls the fluurescence observed
at $18 and §82 nm. The relative degree
of quenching Is assessed by calculaiing
the RQ ratin. For probes with TAMRA
6-10 nucleotides from the 5' end, there
Is iittle difforence in the RQ values when
comparing singlestranded with double-
sttanded oligonuclcotides, ‘the results
for probes with TAMRA af the 3! end are
much different. For these probes, hy-

bridization to a complementary strand”

causcs & -dramatic Increase in RQ. We
prapase that this loss of quenching is
caused by the rigid structure of double-
stranded DNA, which prevents the 5°

~and 3' ends from beiny in proximity.

When TAMRA is placed toward the 3
end, there Is a markad Mg2 ! effect on
quenching. Figure 3 shows a plot of ob-
served RQ values for the Al series of

probes as a functlon of My2* concentra--

tion. With TAMRA attached near the 5’
end (probe A)-2 ot A1-7), the R() value at
0 mym Myg~" is only. slightly higher than
RQ at 10 mm Mg*'. lor probes Al.19,
A1-22, and A1.26, the RQ valucs at O mwu

. Mg** are very high, indicating a much

reduced quenching efficlency. For cach
of these probes, theie §s o marked de-
creasc-in NQ at 1 m Mg" * followed Ly
u grudual dedine as the Mg®' wuncen-
trution increases to 10 mwm, Piobe Al-14
shows an intormediate RQ valuv 31 0 mm
Mg’ willi a gradual decline at hilgher
Mg?* concenbiativus, In a low-saltl ¢n-
vironment with no Mg?* present, a sin--
gle-stranded ofigonuciuntide would he

-expected {0 adopl an extended confor-

mation because of clectrostatic repul-
sion. The binding of Mg?* lons acts to

“shicld the negative chiarge of the phos-

phate backbone so thar the ostgonucie-
otide can adopt conformations where
the 4' end js close to the §° ¢nd. There-
fure, the obscrved Myg® ' effects support
the notlon that quenching of a 5* 1e.
portier dye by TAMRA at ur near the 3°
end depends on the ﬂexlblhty of the all-
gonucleoride.

DISCUSSION

The striking finding of this study js that
it seems the rhodamine dye TAMKA,
placed at any position in an oligonucle-
otide, can quench the fluorcscent emis.

sion of a fluoreseein (6-FAM) placed at

the §' end, This implics that a single-
strandcd,  double-labeled  oligonucle-
otide must he able. to adopt conforma-
tlons where the TAMRA Is cluse to the §°
end. It should be noted that the decay of
6-FAM in the excited state requires.a cer-
tain amount of time. Thetefore, what

TABLL 3 Comparison of Plunrescence Fanissivus of Single-stranded and

Doulile-stranded Fluorogenle Pidlies

. TAMRA

S1¥ nm 582 nm . RQ

Pralse a9 ds ¥ ds £ ds

Al.7 27.75 68.52 61.08 138.18 0.45 0.50
Al.26 43.31 $09.38 53.50 93.86 0.4 5.43
Ad6 16.75 62.88 3%.33 165.57 0.43 0.38
Al-24 30.05 578.64. 67.72 14025 0.4% 3.21
r2-7 35.02 70.13 54.03 121.09 0.69 0.58
12-27 19.89 320.47 65,10 6113 0.61 5.2s
15-10 27.94 144.85 . 01.98 165.54 0.44 0.87
N 28 33. 65 462.29 2230 104.61 0.46 4.93

(83) Single-stranded. The fluorescence emissions at 518 or $82 mun for solutinns contajning o final
concentration of 50 nv indicated prabe, 10 mm 1ris-11CT (pIT 8.3), 50 twa KO, and 10 mm Mgl
(ds) Doublestranded. The solutions cantained, In addition, 160 nM AIC for probes A1.7 and
A1-20, 100 nm A3C for probes A3-6 and A3-24, 100 aM "X for probwes ¥2-7 and I'2.27, o1 100 nu
PsC fur probey PS-10 and P5-28. Befare the acdtijan 0f Mgy, 120 ud of each sainple was heated

0S8 091. 6v6 Xvd 8S:¥T1 ZOOZ/SO/ZT
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matters for quenclibng ts nat the gverage
distance bhotween 6-FAM and TAMBRA
but, rather, how close TAMKA can get lo
GFAM durlng the lifenme of the 0-FAM
excited 323t¢. As long as (he decuy time of
the oxcited state is retatively long cuin.
pared with the moleailar motons of the
oligonuclcotide, quenching can occur.
Thus, we proposc that TAMRA at the 3¢
end, or any other position, can quench
6-FAM at thie 5 end because TAMRA fs in
proximity to 6.FAM often enough to be
able to acecept criergy transfer from an
excited 6-FAM.

Details of the tiuorescence measure-
ments remain puzaling. Far example, Ta-
ble 3 shows that hybridization of probes
Al-26, A3-24, and PS$-28 to their comple-
mentary strands not only causes a large
increase in 6-FAM fluorescence at 518
nm but also causes a modest Increase in
TAMRA fluoresconce at 582 nin. If
TAMRA js belng excired by energy trans:

| -fer fram quenchcd G-FAM, then loss of

quenching attributable to hybridization
should cause a decrease In the fluores-
cence emission of TAMRA, The fact that
the fluorescence emission of TAMRA in-
creases indlcates that the sltuation Is
more complex. For example, we have an-
ecdoial cvidence thar the bases-of the
oligonucieotide, cspecially (i, quench
the fluorcscence of both 6-FAM and
TAMRA to somc degree. When double-
stranded, base-palring may reduce the
ability of the bases 0 quench. The pd-
mary factor causing the yuenching of
6-FAM in an intact probe is the TAMRA
dye. Pvidence for the impartance of
is that 6 FAM fluusewence
ranaias  relatvely  unchonged when
probes Jaheled only with 6-FAM are ustd
In the §’ nuclcasc I'CR assay (data not
shown). Secondary effectors of fluotes-
cence, both before and afles cleavage of
the probe, nced to be explored further.
Regardless of the physica) mecha-
nism, the relative independence of post-
tion and quenching greatly simplifics
the design of probes for the S’ nuclcase
PCR assay, There are three main factors
that determine the performance of a
double-labrled fluorescent probe In the
%' nuclcase PCR assay. The first factor is
the degrece of quenching observed in the
intact probe. This Is characterized by the
value of RQ', which is the ratlo of re-
panter to quencher fluoreseent emis



F-’rom

¢ BML

PHONE No. ! 31@ 472 @985

Dec.BS 2682 12:17AM PB7

! —_—-llllllResearch

Mage

MRA .

g

FAM -

ne of
Yo,
“the
“cur.
e 3
*nch
i in
0 be
nan

sure.
', Ta.

[T

le.
arge

518
e in
Lol
“ans-
I8 of
ition
ares
that
\in-

nos -

ran-
the
nch
and
hie.
. the
pri-
g of
Vi
: of
nee
‘hen
ased
not
HCS-
¢ of
er.
vha-
105§-
Ifles
case

tors

f &
the
s
the
the

* re-

nis- -

In-
ude

RQ

mM Mg

FICURE 3 Effeet of Mg" concantration an RQ ratio for the Al series of probes. The fluorescence
cmission Lntensity at 518 and 582 nm was mcasurcd for solutions containing 50 nM probe, 10 mM
Tris-HCY (pH 6.3), 50 mM XCJ, and varying amounts (0-10 mu) of MgCl,. The Galculuted RQY
ratlns (878 nm intensity divided hy SR2 nim intensity) are plolted vs. MgCly concentration (mm
ME). The keay {upper rghd) shiowa the pratre crsiuinal.

dyes used, spacing between reporter and
quencher  dyes, nucleotide scquence
conlext cffects, preacnee of structure or
viher factus that reduce flexlbility of
the aligonucleotide, and purity of lhe

_ prabe. The second factor is the cfficiency
cuof hybudization, which depeads on

probe T, presence of secondary strucs

_lure In proebe or templatc, anncaling
- tempcrature, and other reaction <ondi-

uons. The third factor Is the cfflciency at

" which Tag DNA polymeruse deaves the
. bound probe between the reporicr and

quencher dyes. This cleavage Is depen-
denl on sequence complemcentarlty be-
tween probe and template as shown by

" We observation that mismatches in the

segment between reporter and quencher
dyey drastically reduve the ceavage of
probe,®

The risc in RQ" values for the Al se.
7ics of probes seems to indicate that the

- degree of quenching IS reduced some-

what as the quencher is placed toward
the 3’ end. The lowest apparent quench-
ing Is observed for probe A1-19 (scc Fig.

3) rather than for the probe where the -

TAMRA Is at the 3' end (A1-26). IThis 18
understandable, as the conformatton of
the 3’ end posttion would be expected to
be less restricted than the conformation
of an internat position. In effect, a
quencher at the 3° end is freer to adopt
conformations close to the 5’ reporter
dye than-.{s an internally placed

Ate—mliae Tma tha ~ibinse (hrao vaer Al

9T0@

EoN

probes, the interpretation of RQ2  values
is leas ¢leur-cut, 'The A3 probes show the
same trend as Al, with the 3' TAMRA
probe having a larger RQ™ than the Lo
ternal TAMRA probe. For Lhe 2 pali,
both probes have about the same RQ”
value. For the PS probes, the RQ  for the
' probe i less than far the Interally
labeled probe. Another factor that may
explain some of the observed varation is
thuat purity affects the RQ™ value. Al
{hough all probes are HM.C pusified, a
small omount of contaminstion with
unquenched reparter can havc a 1arge ef-
fect an RQ .

Although there may be 2 modest ef-
fect on degree of quenching, the post-

“tion of the guencher apparently wan

bave a lacge cffect on the cifidensy of
probe cleavage, The most drastic effect i
observed with proliz A1-2, where place-
ment af the TAMRA on the seeond nu-
deothde teduces the efficiency of cleav-
age to almost zcro, For the A3, I'2, and 15
probes, ARQ s ruuch greater for the 3
TAMEA prohes as comnpared with the in.
ternal TAMRA probes. This §s explained
most caslly by assumnlng (hal gobes
with TAMRA at the 3’ end are more likely
to be cleaved bLetweun acporler and
quencher than are probes with TAMRA
attached intemally. For the Al probes,
the- clcavage effliciency of probe Al-7
must alrcady be quite high, as ARQ docs
not increase when the quencher is

_nlarel Flacer 10 the 3° end. This illus-
) 2058 09L 8¥6 YVd 8S:¥T 2002/80/21
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trates the impartance of heing ahle tn
use probes with a quencher on the 3
ond int the 5' nuclease PCR assay. In this
assay, an ifiereasc in the intensity of ro.
porter fluorescence is observed only
whun e probe is cleaved between g
reporier and quencher dyes. By placing
the tupurlur gnd aenclia dyes un the
opposite ends of an oligonucleotide
probe, any cleavage thal occurs will be
deweeted. When thie quencher is attachied
(o an laternal puddeutide, somethines the
probie works wall (A1.7) and other tintes
nol so well (A3-6). The relatively poor
performance of prabe A3-6 presuimably
mecans tho probe ¢ betng cleaved 3’ 1o
the quencher rather than between the

“repnrier and quencher. Therefare, the

best chance of having a probe that reli-
ubly detects accumulation of PCR prod-
uct in the 5’ nuclease I'CR assay is to use
4 probe with the reporter and quoncher
dyes v upposite ends.

Placing the quencher dye on the 3!
end may also provide a siight boneflt in
terms of hybadization cfficicncy. 1he
presence of a quencher attached to an
Internal nucleotide might be expected to
discupt buse-pairing and reduce the T,
of a probe. In fadl, 8 2"C=3°C rethuction
in T, has been observed for lwo probes
willy intenally attaclied TAMRAL ™ This
disruptive effect would be minimized by
placing the quencher at the 3' end. Thus,
probes with 3" quenchers might cxhibit
slightly higher hybridiration effictencics
thua prabes with internal yuenchens.

The combination of increased cleav.
age and hybridization efficlencies means -
that probes with 3' quenchers probably
will be more tolerant of mismatches be-
tween probe ond twarget as compoared
with internally labeled probes. This tol-
erance of mismatches can be advanta-
geous, as when teylng o use o single

. probe 1o detect PCR-amplified products

front samiples of dilferent species. Also, It
means that cleavage of probe during PCR.
Is Iy sensftive to alteralioms in an.
ncaling temperature or other reaction
conditions. ‘The ane application where
tolerance of mismatches may be a disad-
vantage is for allelic disceimination. Lee
et al.¥ demonstrated hat allele-specific
probes were cleaved between reporter
and quencher only when hybridized to 2
perectly complementary target. This al-
fowed them to distinguish the noimal
human cystlc fibrosis aliclc from the

- AFS08 mutant, Thuir probes had TAMRA

attached to the seventh nucicotlde from
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dyes used, spacing between reporter &nd
quencher dyes, nudeoude sequence
context effects, presence ot structure or
other -factors that reduce flextbility of
the oligonucivotide, and purity of the
probe, The second factor 1S Qe cfficiency
of hybridization, which ‘depends on
probe 1, presence of secondary suruc-
ture in probe or template, annealing
temperature, and other reactlon condj-
tions, The third factor is the efflclency at

*.- which Jeg DNA polymerase clcaves the

bound probe between the reporter and
quencher dyes. This cleavage is depen-
dent on sequence complementarity be-
tween probe and template as shown by

" .the observation that mismatches in the

segment between reporter and quencher
dyes drastlcauy reduce me cleavage of
prohe

The rise in RQ  valucs for lhe Al s¢-
ties of probes seems to Indicate that the
degree of guenching is reduced some.
what as the quencher is placed toward
the 3' end. The lowest apparent quench-
ing is obscrved for probe-A)-19 (sec Fig.
3) rather than for the probe where the
TAMRA is at the 3' end {A1.26). This is

-understandable, as the conformation of

the 3' end position would be expected (o
be Jess restricted than the conformation
of an Internal position. In effect, a

- . quencher ar the 3’ end is freer 10 adopt

conformations closc to the §' reporter
dye than is an internally -placed

- quencher; For the other three sets of

LT0@

- ME). The key (upper Hght) shows the probes examined.

probes, the interpretation of RQ’ values

is lcss clear-cut. The A3 prabes show the
same trend as Al, with the 3' TAMRA

probe having a larger RQ™ than the in-

ternal TAMRA probe. For the £2 pair,
Loth probes have ahout the samne RQ
value. For the I'§ prubes, the RQ® for the

.3’ probe s less than for the intewnally

labeled probe. Another factor that may

explain some of the abserved variation Is -

that purlly affects the RQ™ value, Al-
thaugh all probes are HPLC purified, a
small amount of contamination with
unquenched reporter can have a lasge ef-
fecton RQ .

Although there may be a modest ef-
fect an degree of quenching, the posi-
\lon of the quencher apparently can
have a large effect on the efficlency of
prabe cleavage. The most drastic cffect is
observed with probe A1-2, where place-
ment of the TAMRA on the second nu-
cleotide reduces the efficiency of clcav-
age to alnost zero. For the A3, P2, and PS
probes, ARQ is much greatet for the 3
TAMRA probes as compared with the in-
terndl TAMRA prabes. This Is explained

-most caslly by assuming that probes

with TAMRA at the 3’ end are mare likely
to be cleaved between reporter and
quencher than are probes with TAMRA
attached Internally, Por the Al probes,
the cleavage efficiency of probe Al.7
must already be quite high, as ARQ does
not Increasc when the quencher Is
placed closer to the 3' end. This Hlus-

(000

trales the importance of being able to
uge probes with a quencher on the a
cnd in the $' nuclcase I'CIL assay. In this
assay, an jnerease in tha intensity of re

porter fluorescence Is. observed anly
when the probe s cleaved between the
reparter and quencher dyes. Ry plicing
the reporter and quencher dyes on the
opposlte ends of an oligenucicotide
frrobse, any cleavage thay occurs will ba
detected. When the quencher ix artached
10 an latemnal nucleotide, sumietima: the
probe works well (A1.7) and-other times
not 3o well (A3.6). The relatively poor
performance of prabe A3.6 presumably
means- the probe is being cloaved 3° to .
the quencher rather than hatween the
reporter and quencher. Theretore, the
best chance of having a probe that reli-
ably detects dccumulation of PCR prod-
uct in the 5' nuclease PCR assay 1s to use
u probe with the reporter and quencher

"dyes on opposite ends.

Placing the guencher dyc on the 37

" cnd mey also provide a slight benefit in

terms of hybridization efficlency. ‘the

| presence of a quencher attached (0 -an

internul nucleutide might be expecied 1o
discupt base-pairing and reduce the T,,
of a probe. In fact, a 2°C-3°C reduction
in T, has been observed for two probes
with im(.rnally attached TAMRAs,®! This
dissuptive effect would be minimiced by
placing the quencher at the 3’ end. Thus,
probes with 3' quenchers might exhiblt
slightly higher hybridization efficiencies
than probes with internal quenchers.
The combination of increased cJeav.
age and hybridization cffidencies means
that probes with 3’ quenchers probably
will be more tolerant of mismatches be-
tween probe and target as compared
with internally fabeled probes. This tol
erance of mismatches can be advanta-
geous, as when trying to use a single
probe to detect PCR-amplified products

" {rom samples of different species. Also, It -

means that cleavage of probe during PCK
is less sensitive to alteratloms in an--
nealing temperaiure or other reactlon
conditions. The one application where
nlerancc of mismatchcs may bie a.disad- -
ge is for allelic discrimination. Lee
et al.tP demonstraicd that allelesspecific
probes were cleaved botween reporter
and quencher only when hybridized to 2
purfectly compiementary target. This al-
jowed them to distinguish the normal
human cystic fibrosis allele {from the
AF508 mutant. Their probes had TAMRA
attached to the seventh nucieotide {rom

2066 092 6¥6 XvVd 8S:v1 Z2002/S0/21
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thu 5’ end and were designed so that any
mismatches were between the scporter
and guencher. Increasing the distance
betwagn reporter and quenchear would
dessen the disruplive effcct of auls-
matches and allow cleavage of the probe
on the incorrect target. Thus, probes
with a quencher attached to an internal
nucleotlde may still be useful for allelic
discrimination. .

In this study Jesz of quenching upon
-hybridizratlon was used to show that
quonching by a 3' TAMRA Iy dependent
v the flexibility of a singles-stranded o)i-
~ gonucleotide, The Increase In reporter
fluorescence intensity, though, could
" alio be used to determine whether hy.
bridlzadon has aoccurred or not, Thus,
oligonucicotdes  with  reporter  and
quenchet dyes attached at oppaslic ends
should also be useful as hybridization
probes. The ability to detect hybrldiza-
tlon in real ume means that these probes
could be used ta measure hybridization
kinetics. Also, this type of probe could be
used to develop homogeneous hyhrid-
ization nssays for diagnostics or other ap-
plications. Bagwell ¢t al.*? describe just
this type of homogeneous assay whore
hybridization of a probe causes an in.
croase in fluorescence caused by a loss of
quenching: Howcver, they utilized
complex probe design that requlres add-
Ing nucleotides to both ends of the
probe sequence to form two imperfect
hairpins, ‘The resuits presonted here
demunsirate that the mpie adattion of
a reporter dye to one end of an oligonu.
¢lcotide and a guencher dyc o the ot
end generates a fluorogonic probe that
can detect hybridization or 'CR amplisi-
cution, .
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